Abstract-Somatosensory inputs affect primary motor cortex (M1) excitability; however, the effect of movementinduced somatosensory inputs on M1 excitability is unknown. This study examined whether M1 excitability is modulated by somatosensory inputs with passive movement in 29 healthy subjects. Motor-evoked potentials (MEPs), elicited by transcranial magnetic stimulation (TMS) were recorded from the first dorsal interosseous (FDI) muscle (Experiment 1). M-and F-waves were measured from the FDI muscle (Experiment 2). Passive movements of the index finger were performed in the adduction direction. TMS pulses were preceded by starting passive movements with interstimulus intervals (ISIs) of 30, 60, 90, 120, 150, 180, and 210 ms. TMS or electrical stimulation was performed in the midrange of the metacarpophalangeal joint during passive movements. MEPs were significantly facilitated at 90, 120, and 150 ms (p < 0.05). No M-or F-wave changes were observed for any ISI. In addition, we investigated whether MEP changes were dependent on passive movement velocity and joint angle. Passive movement was performed at two movement velocities (Experiment 3) or joint angles (Experiment 4). MEP facilitation was observed depending on the movement velocities or joint angles. These experiments demonstrated that somatosensory inputs induced by passive movements facilitated M1 excitability depending on the ISIs, passive movement velocity, and joint angle. Ó 2018 Published by Elsevier Ltd on behalf of IBRO.
INTRODUCTION

11
Motor control is coordinated by somatosensory 12 information from the limbs (Rothwell et al., 1982 ; Sanes by sensory nerve stimulation for the fingers or mixed 23 nerve stimulation for the median nerve (Tokimura et al., 24 2000; Di Lazzaro et al., 2005; Tamburin et al., 2005) 25 and are facilitated at intervals of approximately 40-80 26 ms (Komori et al., 1992; Devanne et al., 2009; Degardin 27 et al., 2011; Kojima et al., 2014) . These two time-28 dependent phases are known as short-latency afferent 29 inhibition (SAI) and afferent facilitation (AF), respectively, 30 and have been used to explore sensorimotor integration 31 in humans (Sailer et al., 2003; Kessler et al., 2005;  32 Degardin et al., 2011; Cash et al., 2015; Bocquillon 33 et al., 2017; Dubbioso et al., 2017; Lei and Perez, 2017) . 34 In previous studies, peripheral nerve electrical 35 stimulation has been used to induce SAI (Bailey et al., 36 2016; Ruddy et al., 2016) and AF (Komori et al., 1992;  37 Bocquillon et al., 2017) . This means that somatosensory 38 input evoked by electrical stimulation reaches to the M1 39 through sensory nerves, which contribute to M1 excitabil-40 ity changes. However, it is unclear whether somatosen- induced by movement on M1 excitability. We used TMS 45 to assess M1 excitability, and passive movement was 46 used to elicit somatosensory input with movement. Our previous study showed that M1 excitability increases 48 125 ms after starting passive movements of the index fin- 49 ger, suggesting that somatosensory input with passive 50 movements evoke AF (Nakagawa et al., 2017 (Burke et al., 1978; Edin and Abbs, 1991) and muscle 68 extension (Cordo et al., 2002) . Therefore, we also exam- 
81
EXPERIMENTAL PROCEDURES
82
Subjects
83
We recruited a total of 29 right-handed healthy subjects 84 (24 men and 5 women; mean ± standard deviation, 85 23.1 ± 4.2 years; age range, 20-43 years) in this study. 86 Handedness was confirmed using the Edinburgh 87 handedness inventory (Oldfield, 1971) . The results 88 showed that all subjects were right-handed (score 89 mean ± standard deviation, 91.1 ± 15.4), with no history 90 of neurological or psychiatric disorders. TMS was per-91 formed in accordance with current TMS safety guidelines 92 (Rossi et al., 2009 were performed at a velocity of 80°/s based on our 172 previous study (Nakagawa et al., 2017 and 50 M-waves were averaged for the resting conditions and for each ISI within the subjects.
323
The peak-to-peak amplitudes of the F-waves were also 45.8 ± 7.4%). jects (Weiller et al., 1996; Xiang et al., 1997; Onishi et al., 568 2013; Piitulainen et al., 2015; Sugawara et al., 2016) . In the paired associative stimulation protocol (Stefan et al., 586 2002 (Stefan et al., 586 , 2004 
